The numerous transitions observed in the behavior of children between 5 and 7 years of age testify, from my point of view, to a general transformation of the central cognitive mechanisms. This transformation expresses itself in particular through the shift from new, fragmentary, and pal"tial representations con structed by the child between 4 and 5 years of age to whole representations, which appear around the age of 6 years. These whole representations integrate the relevant dimensions previously processed separately. This transition is similar (isomorphic) to the one taking place around 12 months in infancy. That is the reason why I consider it as recursive. I have defended this position for several years and documented it in various ways (Mounoud, 1981 (Mounoud, , 1986a (Mounoud, , 1986b (Mounoud, , 1988 (Mounoud, , 1990a (Mounoud, , and 1993a .
detail how the shift from partial to whole representations aff ects the way chil dren between 5 and 7 years conceptualize objects (new declarative knowledge) and, consequently, the way they act on them (new procedural knowledge).
This transition corresponds to the shift from conceptions that take into con sideration a single aspect of a situation, an isolated object characteristic (di mension) regarding a giv en context, or a particular interaction (centration ef fect) to conceptions involving the whole set of relevant dimensions (critical features) of a given object or situation.
Another consequence of this transformation is the shift going from a succes sive to a simultaneous organization of behav iors. What the child does, previous to this change, by the juxtaposition or by the succession of distinct, elementary behaviors becomes a single, complex behavior.
Finally, concerning the way actions are connected, the transition has the child going from local planning of elementary actions (step-by-step planning) to the planning of coupled or coordinated action sequences.
Various descriptions of this transition and analogous or related transitions occurring at different ages can be found in the literature. For instance, authors write about the shift going from piecemeal to whole organization (Keil & Kelly, 1987) , from unbounded to bounded engrams (Harnad, 1987 ) , from par tial to integrated patterns (Halverson, 1931) , or from local to global mappings (Edelman, 1987 ) . It has also been presented as the capacity of integrating and synchronizing subactions in a continuous sequence (Hofsten, 1990) . Finally, Diamond (1988) has described this transition in terms of a general capacity to establish relationships between data separated in space, time, or both and the conjoined capacity to inhibit the prevailing responses. Following Diamond I am in fav or of considering this major transformation of central cognitive mech anisms as principally determined by internal structural changes (inv olving mostly frontal and callosal structures) and as secondarily dependent in a non specific way on env ironmental factors (Mounoud, 1993) .
Albeit central, this general transformation of cognitive mechanisms does not necessarily manifest itself at the same time in the various cognitive domains by changes in representations. The new cognitive mechani sms intervene only in as much as they are required, that is, depending on the type of experience done by the children relative to the various contexts or domains they confront.
It is possible to show ev idence of this transformation of cognitive mecha nisms as well as of the visible derived transitions in various domains and at various developmental periods. In infancy, the transformation takes place around 12 months. One of the best examples is the capacity to coordinate dif ferentiated activities of both hands, the capacity to coordinate the various func tions involved in complex prehension behavior (reaching, grasping, etc.) , or the capacity to coordinate syllables in order to constitute the first words (Moun oud, 1988 (Moun oud, , 1993a ). This transformation is also responsible for the success in the A not B task as well as for the success in detour behavior (reaching for an object located behind a screen or inside a transparent box) ("object retrieval"; cf. Diamond, 1988; Diamond & Gilbert, 1989) . In childhood, the transforma tion takes place around 6 years of age. Behav iors like categorization and ser iation activities seem good illustrations, in particular the capacity to consider the relationships between an object and the multiple classes it may belong to, which involves the mastery of concept intension and extension (the all and "some" coordination in Piagetian terms) or the capacity to consider the rela tionships between a giv en object and its predecessor and its successor in a se ries (Bideaud, 1988; Houde, 1992) . The same transformation should still ex plain the success in conservation tasks: The child must become able to integrate the various aspects taking place in a transformation such as the length and the density concerning number conservation (F ayol, 1990) . The shift from partial to whole representations does not explain in itself the emergence of inclusion, of conservation behaviors, or of systematic strategies in seriation. It constitutes a necessary but insufficient condition. Whole representations must be decom posed and analyzed in order to make possible the mastery of the relationships between parts or elements and totality (the partitive or inclusive logical rela tionships between elements and totalities) as well as the relationships between various totalities regarding one or sev eral of their dimensions.
Although the shift from partial to whole representations sounds familiar to dev elopmental psychologists, it is less common to consider the shift re cursive. From this point of view one has to look at the inverse shift, that is, the shift going from whole to partial and fragmentary representations. This transition, recursive as well, occurs at other dev elopmental periods such as, for example, around the age of 4 years (as well as during the first months of life).
The major point of this chapter can be summarized in the following way: The transformation we are trying to capture (the 5 to 7 year shift) could be considered only as one aspect of a more important transformation that con strains the child at different stages, in particular around 3 to 4 years (as well as soon after birth), to substitute for automatized processes (performed by consti tuted knowledge systems) new processing modes (coming from new knowl edge systems in elaboration). I consider that unfortunately we still are unable to label and characterize these various knowledge systems in a satisfactory way. For the new systems various terms have been used such as conceptual, conscious, explicit, declarative, or discursive knowledge, to enumerate only some of them. I come back to this topic later in the chapter.
Thus, the transition from 5 to 7 years, as I define it, basically corresponds to one step in the genesis of new knowledge systems. Its major characteristic is precisely the shift from partial to whole structures or the shift from centrations on isolated aspects of a situation to their integration.
In contrast, the transition occurring around 3 to 4 years follows a more fun damental transformation, that is, the emergence of new knowledge systems. To understand this transition going from constituted systems to systems in elabo ration, it is first necessary to take into consideration the nature and the role played by constituted knowledge systems. These systems, which I call percep tuomotor, are characterized by whole representations. They determine behav iors that integrate numerous dimensions of the encountered situations. The emergence of new knowledge systems defines, therefore, an inverse shift to the one observed between 5 to 7 years, going from behaviors determined by whole representations (those of the constituted knowledge systems) to behaviors de termined by partial representations (those of the new systems in elaboration). Consequently, in order to understand the transition from 5 to 7 years, it is nec essary then to consider the complex relationships between the new systems in elaboration and the prev ious, constituted ones.
From that perspective it is possible to conciliate the various contradictory claims concerning, in particular, children from 3 to 5. Thus when a 5-year-old child is described as centered on a single aspect of a situation, it is possible to assume that his or her behavior is determined by a new know ledge system in elaboration (or that the child's behavior is controlled by an attentional or con scious superv isory system and not by an automatized one). Nonconservative responses in the classical conservation tasks are good examples of this type of organization. In this connection, it is necessary to consider nonconservative judgments as resulting from a new construction, from an elaboration that ini tially forces the child to focus on a single dimension. Simultaneously, in a different context the same 5-year-old child could display behaviors that reveal his or her abilities to grasp the whole set of relev ant dimensions for a situation more or less similar to the classical conservation tasks, as is the case in Don aldson (1978) , for instance. This time the child's behav iors could be deter mined by an achieved and sedimented knowledge system that operates in an automatized way.
In this chapter I start by illustrating the complex relationships between the two categories of knowledge systems (achieved and in elaboration) by means of an experiment carried out on the construction of simple instruments by chil dren 4 to 9 years old (Mounoud, 1968 (Mounoud, , 1970 . More particularly, I characterize the shift from a conception of instruments as juxtaposed segments or fragments supposed to perform successively various functions (the construction and the corrections consist in adding or subtracting segments at the extremity of the instrument) to a more global conception of instruments, which perform a global transformation (a translation, for example) taking simultaneously into consideration the various functions to be fulfilled (the corrections tend to modify the relationship between the different parts of the instrument in corre spondence with the constraints of the task). I explain how this change in the conception of the instrument in children 4 to 9 years old is initially framed or directed by an already constructed knowledge system called perceptuomotor. I then show how this system is later on controlled and integrated by the new conceptual knowledge system in elaboration.
Then I present more extensively a developmental model of the emergence of new skills as resulting from new conceptualizations (owing to new knowledge systems). I will also show how these new conceptualizations are initially di rected or framed by the practical forms and automatized behaviors determined by previous systems. The new systems initially reveal themselves as conscious or explicit conceptualizations before transforming themselves into practical or procedural forms of knowledge, more or less automatized, and elaborative pro cesses, which are no longer accessible to consciousness (Mounoud, 1990b) .
To conclude, I present the experiments recently conducted by Wilkening and his collaborators (Krist, Fieberg, & Wilkening, 1993) in order to compare com petences in intuitive physics in children 5 to 6 years old with those in children 9 to 10 years old as well as those in adults such as expressed through their actions and their judgments.
Construction of Instruments
Before illustrating my point of view, I present these few methodological com ments. Some experimental situations are better than others in order to rev eal the transformations in children's knowledge during the developmental course and, in particular, to understand the role of experience in this process. The best experimental situations are those that make it possible for children to ev aluate their performances in terms of success or failure and to complete or correct them, in other words, to regulate them so as to modify their representations of the task. Practical problem solving is ideal for such an objective. However, most of the situations utilized to ev aluate the cognitive abilities of the child do not have such characteristics, as, for example, conservation or classification tasks and all the situations requesting only verbal responses. For these reasons, I became interested a long time ago in tasks requesting the construction of simple instruments in order to solve practical problems. These tasks hav e been extensively used to study the origins of intelligence and to compare the respec tive abilities of children and monkeys as well as the transition between so called practical intelligence and representative intelligence (e.g., Guillaume & Meyerson, 1930 , 1931 , 1934 , 1937 Koehler, 1917 Koehler, /1927 . By means of these types of tasks, I consider it possible to understand the modifications in the way children conceive objects, as much from the point of view of their inten sion (the set of features that define it) as from the point of view of their exten sion (the set of situations to which the instrument can be applied) and the relations of equivalence between various objects (the set of instruments adapted to solve a given task). This method could be an indirect way to study concept formation or the development of categories. I did not initiate my re search for such a purpose. Nevertheless, instruments constitute a special cate gory of objects, intermediary between the subject's actions and the situations to which they apply. This is what I briefly consider.
I had suggested calling an instrument any object the individual associates with his or her actions to execute a task. The instrument constitutes a kind of intermediary world between the person and the object in the sense that it is associated with the individual's actions, which it transmits to other objects, in the sense that it substitutes itself for some of the person's actions for which it then fulfills the functions, and in the sense that it has complementary relation ships with the objects to which it applies.
In addition to its static features such as its shape, length, and so forth, the instrument can be characterized by dynamic properties such as the forces that it produces or transmits. In this matter, we have to deal with the problem of the transmission power attributed to the instrument. The instruments also involve causal means-ends relationships that do not exist in the spatial nor logico mathematical structuration of objects.
I had distinguished two major categories of instruments, those that transmit the individual's actions without transforming them and those that transform them (inversion, demultiplication, etc.) . Those instruments I have studied be long to the first category.
Moreover, it is important to make the distinction between the utilization and the construction of instruments. I have been more concerned with their construction.
Finally, among the instruments that transmit actions without transforming them, three different kinds can be described:
1. The simple modification of an object (as, for example, bending a wire to make a hook).
2. The assembly of elements where the meaning of the whole is identi cal to that of the parts (such as the assembly of small hooks that still constitute a hook).
3. The assembly of elements where the meaning of the whole differs from that of the parts (for example, fitting sticks together in order to construct an instrument that makes it possible to get around obstacles).
Despite the fact that instruments constitute a particular category of objects (which, as we have analyzed, necessitate a causal and physical structuration as well as a physical and logical one), I nevertheless consider the process by which children construct them as revealing some basic aspects related to gen eral developmental mechanisms. More precisely, I hope to discover how chil dren understand, define, and categorize objects at the "concrete" level and to capture directly the transformations of their conceptions by recording their cor rections, regulations, and verbal commentaries.
The Experiment
One of the experiments was the following: Children were asked to move a little cube located beside an obstacle by means of an instrument that made a detour. That is a situation belonging to the family of "detour behaviors."
As we know, getting around obstacles can be accomplished in various ways. In infants, for example, it is usual to distinguish the reaching detour (performed with the arm) from the locomotor one (performed with the whole body) (Lock man & Ashmead, 1983) . Moreover, the reaching detour can be executed with or without a stick to extend the arm (Guillaume & Meyerson, 1930) . Reaching detour studies have been repeated recently by Diamond (1988) and Diamond and Gilbert (1989) under the label of "object retrieval."
The device used was a box without a cover (see Figure 5 .1). The rectangular base measured 25 cm X 30 cm and was 4 cm high. An opening of 5 cm was made in the lateral wall of the box, and two partitions labeled v and h were placed inside, making a little entry way. Three squares of different colors (Cl, C2, C3) were glued to the bottom of the box. A small wooden cube could be placed in four different locations (P I, P2, P3, P4 ). The task was to move the cube from one of these starting positions to a new position (C l, C2, C3), by means of an instrument previously constructed by the subject. Four situations were then possible: moving from PI to Cl (Situation I); from P2 to C2 (Situ- Sit. IV o ation II); from P3 to C3 (Situation III); and from P4 to C2 (Situation IV). These different displacements could be carried out using instruments such as curved sticks, which could be operated from outside through the lateral opening after the instrument was placed in the box. The amplitude of these displacements was always the same and was slightly smaller than the separating interval be tween v and h; the variable dimensions were the direction and the kind of de tour necessary to reach the cube. It should be noted that the turns made to reach the cube are not necessarily adequate to permit its displacement. The instruments were constructed with identical rectangular 16 mm X 64 mm plastic pieces called Legos, which can interlock with one another, there fore lengthening a part or making a 90° angle. The simplest instruments that were used in order to solve the four situations are shown in Figure 5 .2. After having the child describe the material, the experimenter indicated that the cube had to be pushed onto the square from outside of the box. Then, as an anticipation, the child was asked what would be needed to perform this action; a pencil and a ruler were suggested without letting him or her try. Next, the child was asked to use the Legos to construct "something" that would permit him or her to execute the task.
Once the instrument was placed into the box, the child was asked to move it from outside, without going over the partitions. To make it easier for the younger children to understand, a transparent cover was put on the game once the instrument was introduced. In order to better grasp the degree and type of organization the children were capable of, we asked them the reasons for their errors and the corrections they made.
Children 4 to 9 years old were tested and retested after 4 to 10 months. The children were split into four age groups: 4: 6 (4 years 6 months) to 4: 11 years (N = 12), 5:0 to 5: 11 years (N = 35), 6: 0 to 6: 11 years (N = 20), and 7:0 to 9: 3 years (N = 16).
Construction Behavior
Four types of behavior can be characterized on the basis of the children's con structions and corrections. Each of these types is predominant at a given age.
Type I
Type I behav ior is predominant among the 4: 6-to 4: ll-year-old children (90% of the constructions).
It includes two SUbtypes. The most rudimentary constructions (Type Ia) are simple rectilinear segments ("I need something long") to which children im part rotary motions in order to get around the obstacles. The children often attribute the failures to their own actions. Corrections consist in adding or sub tracting elements for lengthening or shortening the instrument at its distal part. (N.B .: To modify the instrument exclusively at its distal part by adding or sub tracting elements is related to a very peculiar conception that diverges as we will see later on from the modification of its various segments or of their rela tionships. ) Then bended constructions (Type Ib) can be observed ("I need something to get around it") of which different segments are successively added one to the other after successive trials. Consequently the instrument is constructed step-by-step. Corrections consist again in adding or subtracting segments at the extremity of the instrument.
Type II Type II behav ior is predominant among the 5: 0-to 5: ll-year-old children (50% of the constructions).
As for Type I, these are bended constructions made step-by-step after suc cessive trials; but all constructions are ended by a vertical segment aimed at pushing the cube in the desired direction ("I t can push," say the children). So each segment has a precise role: to lengthen, to get around, to reach, to push, and so forth. The children's conception of the instrument is in a way piecemeal or fragmented; corrections are always made at the extremity of their construc tions. Sev eral children entirely destroyed their construction to restart it again. One child restarted his construction four times. At each attempt he produced the same unsatisfactory result! Type III Type III behavior is predominant among the 6: 0-to 6: ll-year-old children (80% of the constructions).
Again, we hav e two subtypes. The instrument is initially constructed as a whole (without the ultimate segment assigned to push). "I take the instru ment, then it turns and then I push," said one child. "I t turns around and I can push, " said another. Corrections concern initially (Type IlIa) the length of the various segments considered as responsible for the failures, most often para doxically the length of the first segment (the "handle" is estimated as being too long). Sometimes corrections are produced by adding or subtracting one element to the junction point between the first and the second segment. Chil dren search for a precise location when seeking the cause of the impossibility of moving the instrument. The problem is still conceived in terms of segment length or of distance and not yet in terms of relationships between segments or between parts of the device. Then the corrections do progressively take into consideration the relationships between the parts of the instrument and of the device (Type 1I1b) without adding or subtracting elements; children try to modify the relative positions between two parts of the instrument (see Figure 5. 3).
Type IV
Type IV behavior is predominant among the 7: O-year-old and older children (60% of the constructions).
As for Type III, the instrument is constructed as a whole without any previ ous trial. No correction is done on the first segment (or the "handle" of the instrument); its lengthening is recognized as having no effect on the mobility of the instrument. The children anticipate the precise location of the instrument in the experimental device in order to move it. They are also able to justify the equivalence between two instruments having different shapes (see Figure 5 . 4).
Interpretation of Construction Behavior
Schematically the general developmental trend can be characterized by two major steps.
In the first step, typical for children 4 and 5 years old (behavior Types I and II), one can observe the following: 1. How children progressively giv e up the idea of being able to transmit directly all their actions to the instrument, the instrument being a simple extension of their arm (absolute transmission).
2. How children discover (conceive, become aware of) the functions fulfilled by their actions (lengthening, turning around, pushing), which are then attributed to the instrument that is substituted for the action. In a certain way the instrument is endowed with power. It could be said that it is "lengthening," "passing or turning around," "pushing," and so forth; children discover these various aspects step-by-step while performing the task.
In the second step, typical for children 6 to 9 years old, which summarizes the two last behavioral types (Types III and IV), the instrument acq uires a global meaning and loses its fragmentary character. It is conceived as a whole. But initially the function of displacing (or mov ing) transmitted by the instru ment is referred to the length of one of its segments before being correctly related to the relationships between the various parts of the instrument and of the experimental dev ice. In summary, during the first step the instrument progressively loses its initial absolute transmission power in so far as it substitutes itself for the child's ac tions that it "performs." On the contrary, in the second step, the instrument "recuperates" its relative transmission power, in the sense that the child be comes able to dissociate and to take into account the object's characteristics and those of the action transmitted.
It is now time to express more explicitly my interpretation. At 3 or 4 years of age it is obvious that children are able to solve detour problems in action, the so-called reaching or locomotor detour. They do it by means of a consti tuted knowledge system that I call perceptuomotor. When the solution is no longer possible in action but requires the use of an intermediary object, 4-year old children are progressively able, thanks to new capacities, to conceive ob jects that not only transmit their actions but also substitute themselves for them in order to fulfill various specific functions. Confronted by such situations, children demonstrate the capacity to select, to abstract, and to conceive (to elaborate conceptually) some partial and fragmentary characteristics related to the experimental situation or to their actions. These behav iors illustrate for me the construction of a new knowledge system, the successive construction steps of which I hav e tried to describe: the progressive discov ery of the various "lo cal" functions taken up by the action and of the various local aspects of the situation. We are then confronted by a first "realistic" conception of the instru ment, conceived by means of representations that can be qualified as partial and fragmentary because they refer only to some local functions or aspects.
The instruments are endowed with power corresponding to these various func tions; their particularity is their fragmented nature, as the functions are juxta posed and not integrated. The major transition, which precisely defines the 5 to 7 year shift, is the transition from a fragmented conception of the object as juxtaposed functions, local meanings, or collection of characteristics to a uni fied conception of the instrument as the basic realization of a global function (or transformation) or as the possession of a whole stable meaning. This is in fact a necessary condition (a precondition) for its structuration, for the progres siv e mastery of the relations between its parts. (Similarly, children must suc ceed in identifying the objects in a stable way in order to master thereafter the relationships between their dimensions or between various objects concerning one single dimension.)
Finally, I consider the crucial problem of the relationships between knowl edge systems. On that topic I do not consider that new cognitive systems are representative redescriptions of prev ious systems as stated by Karmiloff-Smith (1991) , nor abstractions and transpositions from previous systems (Piaget, 1967, 197 7; Mounoud, 1979 Mounoud, , 1986a , but new original constructions initially framed by prev iously constituted systems that control the automatized complex exchanges with the encountered situations (Mounoud, 1993b) .
By means of new partial (constructed) representations (the new declarative knowledge, the new fragmentary knowledge), subjects can directly assimilate (in a realistic way) some aspects of the situations or of objects encountered.
These partial representations or fragmentary knowledge will be integrated or coordinated into whole representations, owing to or consecutive to the trans formation of the central mechanisms on the one hand and to the coherence introduced by the functioning of the prev ious constituted knowledge systems (which have framed or guided the initial interactions between subjects and en vironment) on the other hand.
Following this illustration, I now present the general theoretical model I pro pose to account for the emergence of new skills.
Relationships Between Knowledge Systems:
Short Introduction to a Model
In all individuals involved in a learning or developmental process there are simultaneously two knowledge systems that differ from each other by their relative maturity. A rather achieved and automatized system rev eals itself in practical forms of knowledge, and another system in elaboration rev eals itself in conceptual forms. These two systems maintain hierarchical andfairly com plex relations that rev erse ov er time: The "conceptual" forms produced by the new knowledge system are initially directed or framed by the "practical" forms of the prev ious system but finally end up controlling and integrating them. Such a formulation leads us to a brief comment about the practical conceptual opposition.
Researchers in human sciences hav e introduced at least from the beginning of the 20th century an opposition between two types of intelligence or knowl edge most often termed "practical" or "sensorimotor" intelligence (or situa tional intelligence) and "conceptual" or "representative" intelligence (or dis cursiv e or verbal intelligence). This opposition has been used to distinguish levels of development (for more details, see Mounoud, 1993a ).
This opposition between practical and conceptual knowledge remains pres ent in cognitive psychology under various labels more or less related to the initial ones, for example, between procedural and declarative knowledge, be tween know-how and knowledge, between symbolic and nonsymbolic process ing lev els, between knowledge accessible to consciousness or not accessible, or finally between implicit or explicit memories.
These oppositions hav e most often been used in the past to characterize non contemporaneous levels and systems of knowledge; currently, they are used to confront contemporaneous systems of knowledge that are usually considered to be different in nature and clearly dissociated.
Ever since 1970 (Mounoud), I hav e strongly questioned the possibility of using the opposition between "practical" and "conceptual" knowledge in or der to differentiate the nature or between the levels of knowledge systems (as did Piaget (1936) and Wallon (1945) , for instance). By contrast, I suggested that the adjectives practical and conceptual could be perfectly adequate for characterizing two fo rms (or two distinct states) of any given knowledge sys tem. In the theory I tried to elaborate, the various knowledge systems are called "sensorial," "perceptual," "concrete" (previously labeled "conceptual") and "formal." Each one of these systems (different in nature) can appear under two different forms, that is, conceptual and practical.
It is possible to state the following:
1. The practical forms of a giv en knowledge system result (ontogeneti cally or phylogenetically) from the previous conceptual forms of the same system that hav e become sedimented (or encapsulated) and consequently are no longer accessible to consciousness (no longer explicit).
2. The practical forms of a giv en knowledge system can only be quali tatively modified or transformed by means of conceptual forms of a new, more abstract knowledge system.
3. The conceptual forms of a giv en knowledge system do not improve without involving the practical forms of an already elaborated knowledge system. 4. If cognitive development in humans proceeds through stages, differ ences between two successive stages cannot be reduced to the oppo sition between practical and conceptual.
Every behavior of an individual involved in a developmental or learning process, and especially that of children from 3 to 4 years of age and on, can be described as determined simultaneously by two diff erent knowledge systems (each system being constituted by representations coupled with procedures).
On the one hand, there is a first knowledge system (called "perceptual" sys tem in 3 to 4-year-olds) composed of constituted and "sedimented" represen tations (to which inputs hav e a direct access) merged with automatized action procedures. This first knowledge system is expressed in practical forms.
On the other hand, there is a second knowledge system (called "concrete"
system in 3 to 4-year-olds) composed of representations in elaboration (status nascendi) coupled with action procedures in elaboration as well. This second knowledge system initially produces knowledge in conceptual forms, demon strating a current process of conscious construction, bringing accessible rep resentations into play. The transformation I defined to characterize the 5 to 7 year shift constitutes one of this second system's elaboration steps (the "con crete" system). In summary, these two contemporaneous representational systems express themselves under two different forms that correspond to the "practical" (or implicit knowledge) and "conceptual" (or explicit knowledge) forms previ ously described; they simultaneously define two kinds of action planning and control (sometimes called "triggered" and "controlled"), two types of func tioning (automatized versus voluntary). It is also possible to compare these two knowledge systems with the two selection systems for thought or action schemes defined by Shallice (1991) , that is, the automatized system called "contention scheduling" and the supervisory system, as well as with the two systems of automatic processing and attentional control defined by Posner and Rothbart (1991) .
The ca p acity to p roduce new behaviors, that is, to elaborate new re p resen tations as well as new procedures, is due in children to the fact that new struc tures or new centers are brought into action (I have prev iously called these new coding systems). In adults the acquisition of new behavior (or the capacity to solve new problems) could be due to the reactivation of some centers or struc tures specialized for the conceptual and conscious elaboration of new dimen sions or for the reelaboration of some already known dimensions in a new context. These specialized centers may be temporarily brought into action until new routines more or less automatized (practical forms of knowledge) are es tablished (Mounoud, 1988 (Mounoud, , 1990b Then the various elementary representations and procedures are going to be composed, first by juxtaposition and then by a more organic integration, in order to constitute a new totality, a new set of global representations at the origin of a new complex behavior (as, for instance, the appearance, around 6 years of age, of a conception in which instruments are seen as a whole and in which the diverse functions relevant vis-a-vis a given situation are selected and integrated as a whole; or the ability to integrate diverse dimensions such as height and distance in judgments about ball throwing; cf. "Ball Throwing: Ac tions and Judgments" section). This is precisely the transition from partial to global representations, that is the main characteristic of the 5 to 7 year shift. Whole representations, when constituted, have to go through a complex pro cess of analysis and decomposition in order to elaborate the relationships be tween their elements or dimensions.
On the basis of these statements, it is now possible to define what I call the process of conceptualization (also previously called "construction of new rep resentations" (Mounoud, 1979) or "thematizing process" (M ounoud, 1988) ). This is the process by which, during activities (mental or material) that are controlled by the constituted knowledge system, the individual consciously se lects or samples information that is relevant regarding the pursued goal, by means of the new knowledge system, which brings this new information into representation. The simultaneous existence of two knowledge systems in par allel constitutes the dynamic of the developmental process. The motor of de velopment according to Piaget's formula would not be the action, as he stated it, but rather the dialectical relations between knowledge systems. By means of these representations the individual will be able to establish new relationships or comparisons between objects or events, between parts of objects, between actions and above all between objects and actions. These comparisons are at the origin of new inferences, new links between meanings, temporarily accessible to consciousness or explicit, at least partly.
As a matter of fact, this process would not function in a satisfactory way if the activities of the subject were not initially controlled by previous knowledge (resulting themselves of course fro m a previous dev elopmental process). With out this initial co ntro l the explanatio n of the origin of new behav io rs should be sought in rando mly produced behav io rs. To quo te Piaget: "The results (o f ex perience), most of them being fortuitous, acquire nev ertheless meanings by means of hidden but acting schemes [italics added] that enlighten them" (Pia get, 1937 , p. 350) . These "hidden schemes" co rrespond to what one calls sedi mented or modularized knowledge. It is clear that as new conscio us inferences, implicatio ns, or relations are constituted, new procedures for actio n planning and co ntrol are elaborated. As already mentio ned, the prev io us procedures are go ing to be replaced by these new ones, which have an inhibito ry action before taking the old ones under control and integrating or incorpo rating them.
Putting so much emphasis on prev ious knowledge in the process of acquisi tion of new behaviors leads me to criticize, as I did elsewhere (Mo unoud, 1990a), purely inductive theories related to the develo pment of catego rization, as for instance tho se suggested by Hamad (1987 ) and Nelson (1983) in psy chology and by Edelman (1987 ) in dev elopmental neurobio logy. From my point of view, ignoring initial catego rization abilities prior to the pro cess they describe gives a wrong picture of the dev elopmental process.
To co nclude this presentation, we need to examine what hypotheses can be advanced about the emergence of new behav io rs. Four different hypotheses, among others, can be co nsidered:
1. The emergence of new behav io rs is prefo rmed; develo pment is only the outco me of pro gressive maturatio n of the knowledge systems. Spelke's (1991) po sitio n co uld co rrespo nd to this first hypo thesis.
2. The emergence of new behav iors co mes fro m a redescription, a transposition, or an abstraction of already organized systems (ahead of the development pro cess under study). This hypothesis co rre sponds to the reflexive abstraction pro cess suggested by Piaget (1967 Piaget ( , 1977 , to the representational redescription pro cess suggested by Karmiloff-Smith (1991) , and to prev ious versio ns of the model I hav e presented here (e. g. , Mounoud, 197 9, 1986b) .
3. The emergence of new behaviors basically comes fro m the structure of the situatio ns with which the individual is confronted (with no majo r role played by the organization of prev ious systems or of pre vious knowledge). This hypothesis co uld co rrespond to Hamad's model (1987 ) or Edelman's model (1987) . sponds to the position I have developed in this chapter and has some similarities with the model published by Morton and Johnson (1991) related to the development of face recognition.
Having described the first illustration borrowed from my previous researches and having briefly presented the theoretical model, I now present more recent studies carried out in order to understand the relationships between children's knowledge such as revealed by their actions and their judgments. These are situations of ball throwing.
Ball Throwing: Actions and Judgments
Wilkening and coworkers (Fieberg, 1992; Krist et aI., 1993; Loskill, 1992; Wilkening & Anderson, 1991) conducted several studies aimed at comparing children's and adults' intuitive physics abilities, as revealed in their actions and judgments. To perform their studies, they used a situation of ball throwing in which they varied target distance (on a landing area) and height of throwing (from a horizontal throwing board). Thus, they studied intuitive knowledge about projectile motion. (The authors have written about "throwing speed" ("speed of release"); I consider the term throwing force more appropriate.)
Children were tested in two experimental conditions, called action condi tions and judgment conditions, respectively. In the action condition, aimed at assessing their perceptuomotor abilities, the children had to throw a ball by varying their movement speed (or force). In the judgment condition, aimed at assessing their cognitive (or judgment) abilities, the children had to turn the knob of an apparatus that was first calibrated for them so they would under stand that it estimated throwing speed. The experimenter demonstrated three release speeds (minimum, medium, and maximum) and their corresponding knob position on the apparatus. The goal of the experiment was to understand which aspects of the situation were taken into account by the children in order to adjust their throwing speeds (actual throwing as well as speed rating on the apparatus); in other words, which implicit laws were used to regulate speed (force). Actually, throwing speeds were not recorded� they were computed af terward, on the basis of the landing impacts of the ball.
Five-to 6-year-old kindergartners (mean age 5: 11), 10-year-old fourth grad ers (mean age 10:3), and adults were tested (40 people in each group). In the action condition, all three age groups did behave according to physical laws (to the normative structure) that determine optimal speeds as a function of target distance and height of release. However, mean speed values were far from op timal values; only relative variations were adequate (following physical laws ). On the other hand, in the judgment condition, about half the kindergartners did not consistently vary their speed ratings; the other half of the youngest children did vary their speed ratings according to one dimension only: target distance (16 subjects, 40%) or release height (4 subjects, 10%). When evaluating the mean value for the whole group, only target distance was significantly taken into account by the 5-to 6-year-olds. As to the other age groups, twenty-six 9-to 10-year-olds (65%) and eleven adults (28%) took only target distance into account. Now, fourteen 9-to 10-year-olds (35%) and twenty-nine adults (72%) simultaneously took both target distance and release height into consideration.
In the judgment condition, development thus goes from centering on one single dimension to integrating multiple dimensions, whereas in the action condition, all subjects managed a qualitative integration of multiple dimen sions (target distance and release height). A control experiment showed that there was no learning effect.
The author's interpretations were inspired by the Piagetian framework; they argued that their subjects' abilities as revealed by their actions and judgments depended upon two kinds of knowledge representation: implicit and explicit knowledge. The authors also seem to have followed Piaget when considering that the cognitive representations are derived from the sensorimotor repre sentations by reflexive abstraction. However, they did not comment on this complex mechanism. On the other hand, actions (i.e., sensorimotor represen tations) and judgments (i.e., cognitive representations) were said to be indepen dent. Judgments were seen as derived from (or abstracted from) actions, but not as necessarily having an effect back on actions. Their results seem to show an equivalence between the actions produced by children 5 to 6 years old, 9 to 10 years old, and adults. Thus, according to them, there are two parallel knowl edge systems, one derived from the other without acting back on it. This inter pretation leads to a number of problems.
The first problem has to do with the nature of the so-called sensorimotor abilities revealed by the individuals' actions. Some psychologists call them know-how or procedural knowledge (I call them skills determined by a consti tuted knowledge system that express themselves in a procedural form). Obvi ously, these abilities go through a genesis. A study conducted by Fieberg (1992) , one of Wilkening's coworkers, showed that it is not before 4 years of age that children manage to take both dimensions (height and distance) into account, in an integrated way, when regulating their actions (ball throwing). These skills are the result of a construction, mainly taking place during the third and fourth years of life. In a similar way, we have demonstrated (Moun oud et aI., 1983) how children 3 to 5 years old, when manually tracking a visual target moving periodically, become progressively able to consider first the tar get's movement amplitude only, and next the target's movement time only, and finally to manage to produce movements that simultaneously take amplitude and movement time into account (without being able, however, to strictly syn-chronize their own mov ement with that of the target; these abilities might not only suppose implicit knowledge).
Thus, in direct ball throwing as well as in manual tracking, children go through stages in which they first take only one dimension into account (at about 3 years of age), and later become able to integrate multiple dimensions (around 4 or 5 years of age). This genesis is comparable to the genesis revealed by "judgments, " showing a decalage of a few years: The first genesis takes place between 2 and 4 to 5 years, and the second one between 5 and 9 years. What is the reason why one should talk about implicit knowledge in the first case and about explicit knowledge in the second? Is it related to language abili ties? This does not seem to be the case, as the judgments do not involve lan guage but only actions. Is it because only the judgments inv olve symbolic pro cesses? Probably not, as 3-and 4-year-olds are perfectly able to use symbolic processes: Why would they not use symbolizations in regulating their actions? Piaget considered that sensorimotor intelligence or sensorimotor abilities are the result of grasps of consciousness and analytical reasoning that allow babies to objectivate the world; in this process, there is already an "explicitation" or a transition from an implicit to an explicit kind of knowledge. In both cases, it seems that the subject does an explication (or objectivation) job that not only involves grasps of consciousness but also declarative and not only procedural forms of knowledge (Mounoud, 1990b) .
The second major problem is to understand why explicit knowledge, which, according to Krist et al. (1993) , is rev ealed by the judgments about speed re lease, does not seem to be involved in the throwing action control. At this point, I wonder whether the individuals' actions are really not influenced by their explicit knowledge, that is, by the kind of knowledge rev ealed by their judg ments. For instance, among 10-year-olds, 65% take only distance into consid eration in their judgments. Do they act differently from the 35% who are able to integrate height and distance? Or do those making up the 40% of the 5-to 6-year-olds who consider distance act differently from the 50% of the 5-to 6-year-olds who do not systematically vary their judgments? It does not seem as though the authors tried any of these analyses. Considering other variables might also be necessary to rev eal probable differences. As long as such analy ses are not done, it seems difficult to claim that the results obtained by the diverse groups in the action condition are eq uivalent, as the actions themselves were not analyzed. A total independence of judgments vis-a.-vis actions would raise important epistemological and pedagogical problems. All the motor abili ties I have been studying do transform after 5 years of age: lifting objects that vary in weight (F orssberg, Eliasson, Kinoshita, Johansson, & Westling, 1991; Gachoud, Mounoud, Hauert, & Viviani, 1983) , vi suo-manual tracking and tar get pointing (Badan, 1993 Zanone, 1990) , drawing and writing activities (Vinter & Mounoud, 1991; Zesiger, 1992; Zesiger, Mounoud, & Hauert, 1993) , to mention a few of them. It would be surprising if ball throwing does not transform between 5 to 6 years and 9 to 10 years of age.
In some ways, the experiment presented by Krist et al. (1993) can be consid ered close to my work on the construction of instruments. In both situations, 4-year-olds did possess an elaborate perceptuomotor knowledge system to solve the task. In both experiments, when individuals were asked to solve the task, not in a direct way, but through an instrument or an apparatus, they had to reelaborate the situation on the conceptual plane (they had to reconceptualize the situation); this led to the appearance of partial and fragmentary solutions, which rev ealed new knowledge elaboration. In both cases, there was a transi tion from centering on one single dimension to integration of relev ant dimen sions. While new conceptual knowledge elaboration does transform the way individuals act in the detour situation drastically, it does not look like ball throwing behaviors are affected by the explicit knowledge that is rev ealed by the judgments. But then again, I maintain the hypothesis that a direct analysis of the throwing actions (by contrast to a simple computation of speed based on the landing impact) should rev eal changes. Finally, studying age groups in be tween 6 and 9 years is necessary. In most of our studies, the dev elopmental trends are not monotonic in this age range.
The third problem, certainly the most important of all, is to determine whether the explicit knowledge revealed by the children's judgments is really derived from the knowledge rev ealed by their actions, as claimed by authors after Piaget. If this is the case, in which way?
Again, I do not consider that the children's new knowledge rev ealed in their judgments is directly derived from the perceptuomotor knowledge rev ealed by their actions. There is no representative redescription, nor transposition or complex abstraction of perceptuomotor or procedural knowledge. Conceptual knowledge also does not emerge from the child's simple confrontation with new situations, through simple abstraction of the ev ents or situations, properties, or structure, without an intervention of prev ious knowledge or structures. Any purely inductive explanation should be rejected. Finally, new knowledge is also not the outcome of the maturation of the child's internal structures. Maturation only makes it possible for new knowledge to be constructed. There is a real reconstruction, an original reconceptualization of the encountered situations, which is elaborated during the child's exchanges with the situations. These exchanges are made possible or determined by the existence of prev ious consti tuted knowledge, which is sedimented and is thus not accessible to conscious ness anymore (this knowledge became implicit after it had been explicit). In the same way, the action procedures hav e been automatized to diverse degrees.
In addition, I hav e to specify that for me new knowledge does not maintain itself in a purely conceptual or declarative form; it also generates new practical or procedural knowledge. This new procedural knowledge is thus also local, partial, and juxtaposed, as is the declarative knowledge that generates it. The new knowledge system in elaboration has progressively an inhibitory action on the prev ious system. In summary, there are no practical or procedural knowledge systems, nor conceptual or declarative knowledge systems, but rather knowledge systems that express themselves in a practical or conceptual way. For any giv en system, the transformation goes from conceptual forms toward practical forms but, again, is initially framed by the practical forms of the previous knowledge sys tem (for more details, see Mounoud, 1993a) .
The reflexive abstraction hypothesis is only one of the two main hypotheses formulated by Piaget in order to explain the construction of logical operations based on the sensorimotor coordinations. Reflexive abstraction, as is well known, involves a change in representation lev el or plane. According to this hypothesis, logico-mathematical operations are defined as the internalization of the general coordinations of actions (see Mounoud, 1992 , for a commentary on the other Piagetian hypothesis [Piaget, 194 2] to account for the connection between the acti ons and the operations).
Conclusion
In this chapter I hope I hav e succeeded in explicating what constitutes for me the major transition of children's behav ior between 5 and 7 years and which is supposed to result from the transformation of central cognitive mechanisms. This transition can be viewed as the capacity to integrate or to coordinate in a whole the new partial and fragmentary knowledge about objects constructed by children 4 and 5 years old by means of new knowledge systems. Once they become able to characterize-ere )reconceptualize-objects as stable entities, to conceptually identify them as independent of thei r actions, children between 6 and 10 years of age still hav e to elaborate the relations between the dimen sions that coexist in the object, as well as the relations between objects related to a given dimension. The critical point is therefore the capacity for grouping or chunking these meaningful juxtaposed units in totalities or the capacity to coordinate or integrate isolated cognitive components, what has sometimes been called the "cognitive chunking" or the "perceptual grouping. " The shift going from successive to simultaneous processing could be considered a con seq uence of this major change. In a recent article (Mounoud, 1993a) , I de veloped the same model but illustrated and concretized at the sensorimotor period. In that article, I took a critical position with regard to Mandler's model (1988) , in which she postulated the existence, from birth, of a double represen-tational system (pro cedural and co nceptual systems develo ping simultaneo usly and in parallel).
From an experimental po int of view, the radical theo retical change I hav e tried to make consists in looking at the co nseq uences of the new conceptualiza tio ns on motoric behav iors instead of studying the co nceptualizations fo r them selves, which has already been extensively done. My pro ject has been to study the restructuration of behav iors, as resulting from new co nceptualizations. This is the perspective in which I studied motor development to approach cognitive dev elopment fro m ano ther po int of view. It is true that Wilkening's results co uld constitute a co mplete denial of my perspective. Nevertheless, changes of behav iors in the co nstruction of instruments as well as in all the other situations I have studied suppo rt my perspective. What has to be do ne in the future is to simultaneo usly study the respective transformations of the new co nceptual and practical knowledge within the same subjects, which is what I hav e started to do in the studies on the co nstruction of instruments.
To co nclude this chapter and as far as it is still necessary I explicate my position on the central question raised by Sameroff and Haith (at least fo r the nonsedimented parts of my knowledge! ). For me it is obvious that the behav iors of 7-year-olds differ fro m those of 5-year-olds. Originally, the differences are qualitative in nature, but they necessarily generate quantitative differences. Conceiving an instrument in an unifi ed way (as a unity, as a whole) instead of as a co nstellation of functio ns co nstitutes a notorious qualitative change. The co rrections brought to the co nstructions rev eal co nsecutive quantitative changes: Adding a supplementary segment to the co nstruction instead of modi fying the relationships between segments is a good illustration. Similarly, tak ing the various dimensio ns of a situation into acco unt in a separated or integrated way constitutes qualitative as well as quantitative changes at the same time. This is the case in the genesis of numb er conservation regarding length and density of co llections. These changes result fro m the emergence of new behav io rs, partly dependent on prior behav io rs. Eventually, prior behav io rs will be co ntrolled by the new ones.
